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ABSTRACT 
 Food insecurity (FI) and diabetes are common in youth in the United States. FI has been 
consistently associated with poorer glycemic control and poorer diet quality among adults with 
diabetes, but there is limited research on these associations in children. Furthermore, the 
Household Food Security Survey Module (HFSSM), the most commonly used tool to assess FI, 
has been shown to be an adequate measure of FI at both the population and the individual level, 
but little to no research exists on the use of this survey tool in pediatric patients with diabetes. 
This study aimed to investigate FI in relationship to hemoglobin A1c (HbA1c) and diet quality as 
well as the use of the HFSSM to measure household FI of children with diabetes. Participants 
were youth ages 7-19 recruited from the University of North Carolina Hospitals’ Pediatric 
Endocrinology clinic (N=30, mean age 13.9, mean HbA1c 9.0%). Data were collected through 
an electronic questionnaire and through individual interviews. HbA1c was collected from the 
medical record. No significant differences were found between FI status and HbA1c or diet 
quality. Interviews were conducted using a semi-structured interview guide and discussions were 
audio-taped, transcribed, and analyzed using standard inductive qualitative methods. Interview 
data indicated that parents from food insecure households made efforts to shield their children 
from the effects of FI by reducing or altering their own food intake and indicated that parents had 
worry or anxiety about and prior difficulty with FI negatively impacting their child’s diabetes 
management. Interpretation of some of the questions of the HFSSM also differed between 
parents from food insecure households and parents from food secure households. Given the small 
sample size of this study, more research is needed in the future to test associations between FI 
status and diabetes management and diet quality in children as well as investigate the use of the 
HFSSM to measure household FI of children with diabetes.
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Chapter I 
INTRODUCTION AND STUDY AIMS 
 Diabetes mellitus is a chronic disease characterized by the inability of the body to 
produce sufficient insulin or respond properly to insulin.1 Insulin is crucial for proper regulation 
of glucose in the blood. Glucose levels that are above normal can result in long-term damage, 
dysfunction, and failure of several organs including the eyes, kidneys, nerves, heart, and blood 
vessels.1 Proper self-management of diabetes is critical to preventing chronic complications, 
especially for children who are at an increased risk of suffering from long-term complications 
due to longer average duration of disease.2  
 One of the key components to diabetes self-management is diet. Food insecurity, which is 
defined as “limited or uncertain availability of nutritionally adequate and safe foods or limited or 
uncertain ability to acquire acceptable foods in socially acceptable ways”, may impact one’s 
ability to adhere to a diabetic diet.3 Food-insecure individuals may shift their dietary intake 
towards less expensive but more calorie-dense foods that make glycemic control more difficult 
to achieve, such as refined carbohydrates, added sugars or added fats, and away from more 
expensive foods such as fruits and vegetables.4 Thus food-insecurity may make diabetes self-
management more difficult.  
 While food insecurity has been associated with poorer diet quality and poorer glycemic 
control among adults with diabetes, these associations have been less consistent among children.5 
The effects of food insecurity on diet quality and glycemic control may not be as intense for 
children with diabetes as they are for adults because food insecure-households may prioritize 
children over adults in terms of who receives which food and in what amount, effectively 
shielding children from the effects of food insecurity. Children who have diabetes or another 
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chronic illness may receive even greater priority in food-insecure households. The relationship of 
food security to diet quality and glycemic control may be further influenced by free and reduced-
price school meals, which could potentially provide food-insecure children with access to 
nutritious meals that they may otherwise not have. Little to no research has been conducted on 
the association between food security status and receipt of free and reduced-price school meals. 
Thus this study aims to investigate the potential relationship of food security to HbA1c and to 
diet quality among children with diabetes as well as to explore the relationship between food 
security and receipt of free and reduced-price meals to inform future larger studies.  
 Furthermore, this project aims to investigate the use of the Household Food Security 
Survey Module (HFSSM), the most commonly used tool to assess food security, in children with 
diabetes. The HFSSM has been shown to be an adequate measure of food security at both the 
population and the individual level, but little to no research exists on the use of this survey tool 
in subgroups of the population, including pediatric patients with diabetes.6 The HFSSM consists 
of questions regarding anxiety about household food supply, perceptions of food supply being 
inadequate, adjustments to food intake, and the experience of running out of food.7 These 
questions, however, do not take into account additional concerns that may be experienced 
regarding diabetes management. Thus the proposed project aims to investigate how parents of 
children with diabetes are interpreting and understanding the questions of the HFSSM and if 
these interpretations are influenced by concerns regarding diabetes management. 
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SPECIFIC AIMS 
Aim 1. To investigate the relationship of food security status to hemoglobin A1c (HbA1c), 
receipt of free and reduced-price meals, and diet quality among children with diabetes. 
I hypothesize that youth from food insecure households will have higher HbA1c and poorer diet 
quality than youth who are food secure. 
 
Aim 2. To receive qualitative feedback from parents of children with diabetes regarding 
the questions of the HFSSM and experiences with food shortages as they relate to diabetes 
management. 
I hypothesize that parents from food insecure households will interpret some of the questions of 
the HFSSM differently than parents from food secure households and will have additional 
concerns and experiences regarding the effects of food insecurity on diabetes management that 
will impact how they interpret and answer the questions of the HFSSM. 
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Chapter II 
LITERATURE REVIEW 
Diabetes description 
 There are two major types of diabetes, Type 1 Diabetes (T1D) and Type 2 Diabetes 
(T2D), although diabetes can also develop during pregnancy or as a result of drug or chemical 
toxicity, genetic disorders, insulin receptor disorders, and diseases of the pancreas or endocrine 
glands.8 T1D is an autoimmune disorder in which the beta cells of the pancreas are destroyed.1 
The beta cells of the pancreas release insulin, and thus when these cells are destroyed, insulin 
secretion is significantly impaired. T2D is characterized by both impaired insulin secretion by 
the pancreatic beta cells and resistance to the action of insulin.9 
T1D and T2D Incidence 
 According to the most recent research, the incidence of both T1D and T2D among youths 
from 10 to 19 years of age in the United States has increased significantly from 2002-2012.10 
The unadjusted estimated incidence rates of T1D increased by 1.4% annually, while T2D 
increased by 7.1%. The annual increase in T1D was greater among Hispanics than among non-
Hispanic whites (4.2% vs. 1.2%, P<0.001) and the relative annual increase in T2D was lower 
among non-Hispanic whites than among non-Hispanic blacks, Asians or Pacific Islanders, and 
Native Americans (P<0.05 for all comparisons).10  
T1D and T2D prevalence 
 The most recent data regarding the prevalence of T1D and T2D among youths in the 
United States indicates that the prevalence of these diseases increased from 2001 to 2009.11 In 
the SEARCH for Diabetes in Youth Study, prevalence of T1D increased 30.0% (95% CI, 
25.4%–34.9%) over the 8-year period from 1.48 per 1000 (95% CI, 1.44–1.52) in 2001 to 1.93 
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per 1000 (95% CI, 1.88–1.97) in 2009. Prevalence of T2D increased 35.0% (95% CI, 21.4%–
50.0%) from 0.34 per 1000 (95% CI, 0.31–0.37) in 2001 to 0.46 per 1000 (95% CI, 0.43–0.49) in 
2009. The increase in prevalence was significant in both males and females, all age-groups, and 
in white, Hispanic and black youth, but was not significant among Asian Pacific Islanders and 
American Indians.11 
Complications 
 Diabetes mellitus can result in a number of both acute and long-term complications. 
Acute complications of diabetes include diabetic ketoacidosis from hyperglycemia and coma as 
the result of hypoglycemia (mechanisms of diabetes complications).12 Long-term complications 
can be separated into microvascular and macrovascular complications. Microvascular 
complications of diabetes include diabetic retinopathy, nephropathy, and neuropathy. 
Marcovascular complications include coronary artery disease, peripheral artery disease, and 
stroke.12 
Microvascular complications 
 Diabetic retinopathy is the most common cause of blindness among adults aged 20-74 
and almost all patients with type 1 diabetes and most patients with type 2 diabetes demonstrate 
retinopathy after having diabetes for 20 years.8 Retinopathy develops over many years and is 
divided into two disease stages: nonproliferative and proliferative. The first nonproliferative 
stage of retinopathy is characterized by small hemorrhages and microaneurysms that occur in the 
retina as well as retinal edema.12 The second proliferative stage is characterized by the formation 
of new blood vessels on the surface of the retina and leakage of blood into the area in and around 
the vitreous humor of the eye. If proliferation continues, retinal detachment and eventually 
blindness can occur.12 While the incidence of retinopathy, particularly proliferative retinopathy, 
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is very low among children, the American Academy of Pediatrics recommends that screening 
begin 3 to 5 years after diagnosis in children who are 9 years of age or older.2 
 Diabetic nephropathy is the leading cause of end-stage renal failure in the United States.12 
For individuals with diabetes, nephropathy is defined as a loss of greater than 500 mg of albumin 
in 24 hours. Nephropathy is preceded by microalbuminuria, which is characterized by lower 
levels of loss of albumin at 30-299 mg excreted in 24 hours.12 Microalbuminuria develops shortly 
after diabetes onset in 25 to 50% of pediatric patients and gross proteinuria develops in one-fifth 
of patients 7 to 10 years after diagnosis.2 Furthermore, nephropathy is a major risk factor for the 
development of heart attacks and strokes. In children with T1D, initial screening for nephropathy 
is recommended at 2 years after diagnosis and then annually thereafter. However, if T1D 
diagnosis occurs before the onset of puberty, screening is recommended 5 years after disease 
onset and not before the age of 9 years. In T2D, screening begins upon diagnosis and annually 
thereafter.2 
 Diabetic neuropathy is characterized by injury to the peripheral nerves.10 More than half 
of patients with diabetes eventually develop neuropathy.8 The reported prevalence of neuropathy 
in the pediatric population ranges from 7% to 57% depending on the diagnostic criteria used.2 A 
recent assessment of youth enrolled in the SEARCH for Diabetes in Youth Study found that the 
prevalence of diabetic neuropathy was 7% in youth with T1D and 22% in youth with T2D.13 The 
consequences of neuropathy include foot ulceration, chronic pain, and amputation, and these 
severe complications can only be avoided if detected in the early phases.14 The American 
Diabetes Association (ADA) recommends screening for neuropathy annually after onset of 
puberty.15 
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Marcovascular complications 
 The central pathological mechanism in macrovascular disease is atherosclerosis, which is 
characterized by narrowing of arterial walls throughout the body as a result of chronic 
inflammation and injury to the arterial walls.12 Diabetes increases the risk for cardiovascular 
disease, and recent studies have found that the risk of myocardial infarction (MI) in individuals 
with diabetes is equivalent to the risk in nondiabetic individuals with a previous history of MI.12 
While macrovascular complications are rare in children and young adults, one study involving 
youth with T1D, T2D, and nondiabetic youth found that youth with T2D had a significantly 
higher risk of macrovascular complications compared to youth with T1D and nondiabetic 
youth.16 
Management 
 Both macrovascular and microvascular complications of diabetes are strongly associated 
with magnitude and duration of hyperglycemia.12 Therefore, good control of blood glucose is 
essential for preventing and managing complications. Since carbohydrate is the primary 
determinant of postprandial blood glucose levels, it is important for individuals with diabetes to 
monitor their carbohydrate intake.17 The ADA recommends monitoring carbohydrate intake 
either by carbohydrate counting, exchanges, or experienced-based estimation.17 The ADA also 
recommends a diet that includes carbohydrates from fruits, vegetables, whole grains, legumes, 
and low-fat milk. Other recommendations from the ADA concerning carbohydrate include 
substituting sucrose-containing foods for other carbohydrates or to cover these foods with insulin 
or other glucose-lowering medications, avoiding excess energy intake, and using glycemic index 
and load.17 
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 While the quantity of dietary carbohydrate primarily influences postprandial glucose 
levels, the type of carbohydrate also influences glucose levels. The glycemic index of a 
carbohydrate-containing food measures the postprandial glucose response to that food.17 Foods 
with low glycemic indexes contain dietary constituents such as fiber, fructose, lactose, and fat, 
including oats, barley, bulgur, beans, lentils, legumes, pasta, pumpernickel bread, apples, 
oranges, milk, yogurt, and ice cream. For individuals consuming a high-glycemic index diet, the 
ADA reports that a low-glycemic index diet can be beneficial for producing a modest decrease in 
HbA1c.17 
 In addition to recommendations regarding dietary carbohydrate, the ADA also 
recommends managing dietary fat and cholesterol intake. These recommendations include 
limiting saturated fat to less than 7% of total caloric intake, limiting dietary cholesterol to less 
than 200 mg per day, avoiding trans fats, and consuming at least two servings of fish per week to 
obtain omega-3 polyunsaturated fatty acids.17 The primary objective behind these 
recommendations is to reduce the risk for cardiovascular disease.  
Food Insecurity 
 The USDA defines food insecurity as a lack of access to enough food for an active, 
healthy life style, at all times and for all household members.18 Household food security status is 
measured along a continuum consisting of four different categories: high food security, marginal 
food security, low food security, and very low food security. Food secure households have no 
problems, or anxiety about, accessing food. Marginally food secure households experience a few 
instances of problems or anxiety about accessing adequate food, but food intake is not 
substantially reduced. Low food secure households reduce the quality, variety, and desirability of 
their diets, but the quantity of food intake is not impacted or only impacted minimally. 
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Households with very low food security experience multiple instances of disrupted eating 
patterns and reduced food intake.18   
Food Insecurity Prevalence 
 According to the USDA, 12.3% (15.6 million) of U.S. households classified as food 
insecure in 2016.19 Of these food insecure households, 7.4% (9.4 million) had low food security 
and 4.9% (6.1 million) had very low food security. The prevalence of food security in North 
Carolina is above the national average at 15.1 %, almost 4 million households in North Carolina. 
The prevalence of very low food insecurity is also higher in North Carolina at 5.7%. The rate of 
food insecurity is substantially higher among households with children (16.5 percent) compared 
to households without children (10.5 percent).  Of the 16.5% of food insecure households with 
children, only adults were food insecure in 8.5% of households, while both children and adults 
were food insecure in 8% of households.19  
 Prevalence of food insecurity has fluctuated over the past decade. Food insecurity 
significantly increased from 2007 to 2008 and remained unchanged until 2011 when food 
insecurity began to decline. There has been an overall downward trend in food insecurity since 
2011. Most recently, food insecurity significantly declined from 2014 to 2015, but the decline 
was not statistically significant from 2015 to 2016.19 
Food Insecurity and Food Assistance Programs 
 In the United States, there are several extensive public food assistance programs in place 
to help provide vulnerable households with consistent access to nutritious foods and reduce 
hunger.20 These programs include SNAP (Supplemental Nutrition Assistance Program), WIC 
(Special Supplemental Nutrition Program for Women, Infants, and Children), NSLP (National 
School Lunch Program), and others. Research has demonstrated that these programs can 
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significantly reduce food insecurity. In one study conducted by the USDA, SNAP, which 
provides a monthly supplement for food purchasing to low-income individuals and families in 
the U.S., was associated with a 5-10% decrease in food insecurity.21 Other research sponsored by 
the USDA found that children receiving free or reduced-price lunches though NSLP consume 
fewer empty calories and more fiber, milk, fruit, and vegetables than children who were eligible 
but did not participate.22 Participants were also more likely than eligible nonparticipants to have 
adequate intakes of calcium, vitamin A, and zinc.22 Various studies have also found that 
participation in the NSLP is associated with significantly lower rates of food insecurity for 
households with children.22  
Food Insecurity and Diet Quality 
  Several studies have demonstrated an association between food insecurity and poor diet 
quality. A study using data from the 1999-2008 National Health and Nutrition Examination 
Surveys examined the differences in dietary intake and diet quality by household food security 
status among 8,129 low-income adults. Food insecurity was associated with higher consumption 
of high-fat dairy products, salty snacks, sugar-sweetened beverages, red/processed meat, nuts, 
seeds and legumes and associated with lower consumption of vegetables, sweets and bakery 
desserts.23 Lower reported fruit and vegetable intake among food-insecure individuals was also 
supported by the results of one study involving 665 adults with diabetes.4 In another study of 
1,874 low-income adults, food insecure participants reported higher fat and fruit juice intake 
when compared to food secure participants.24 While food insecurity has been less frequently 
researched in children compared to adults and the association between food security and diet 
quality has been less consistent among children5, one study analyzing data from 4,635 Mexican 
youth found food insecurity to be negatively associated with fruit, vegetable, protein, and dairy 
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intake and positively associated with refined grain consumption.25 Another study involving 92 
low-income fourth-grade student-parent pairs in Maryland found that children with low food 
security status reported higher fruit intake than those with marginal or high food security status 
(1.6 ± 1.3 vs 0.9 ± 1.0, respectively; P < .01), but when stratified by participation in school 
nutrition programs, children with low food security status reported lower daily vegetables intakes 
compared with other children (0.3 ± 0.4 vs 0.6 ± 0.8, P = .04).26 
 Perhaps most noteworthy to the associations between food insecurity and diet quality 
observed in both children and adults in the U.S. is a systematic review that found that food 
insecurity is adversely associated with diet quality in adults, but this association may not be as 
strong among children.5 The review found 170 associations between food insecurity and diet 
quality in adults and found substantial evidence that food insecure adults consumed fewer 
vegetables, fruit and dairy products and had lower intake of vitamins A and B6, calcium, 
magnesium, and zinc when compared to food secure adults. However, the 130 associations 
between food insecurity and diet quality in children only revealed one consistent association, an 
adverse association between fruit consumption and food insecurity. There was limited evidence 
of an adverse association between food insecurity and consumption of dairy in boys aged 8-11 
years and young children aged 3-6 years. There was also limited evidence of adverse 
associations between food insecurity and consumption of sweets and sugar-sweetened beverages, 
consumption of vegetables, and intakes of total fat and saturated fat. No associations were found 
between food insecurity and intake of grains or vitamins. One proposed explanation for the less 
consistent association between food insecurity and diet quality among children compared to 
adults is that adults may shield children from the effects of food shortages by reducing or altering 
their own food intake.5 
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Food Insecurity and Management of Diabetes 
 Disruptions to food quality and quantity that occur in food insecurity can have major 
implications for those with diet-sensitive chronic diseases such as hypertension, hyperlipidemia, 
and diabetes.27 For an individual with diabetes, eating a set amount of carbohydrate per day is 
crucial for keeping blood glucose under good control. Those who are food-insecure may have 
more difficulty consuming a consistent amount of carbohydrates. When money for food is 
limited, purchasing cost-efficient foods may become a priority in order to meet caloric needs.28 
The most cost-efficient foods are ones that are high in carbohydrates, such as bread, pasta, 
sweets and rice, while the least-cost efficient are fruits and vegetables.28 Individuals with food 
insecurity and diabetes may also struggle to obtain the supplies and medications needed to 
manage their diabetes due to limited financial resources.29 Many are faced with the difficult 
decision of choosing between purchasing healthy food or purchasing diabetes medications and 
supplies.30 
 A cross-sectional survey conducted as part of the Immigration, Culture, and Healthcare 
Study consisting of 711 participants concluded that food insecurity is an independent risk factor 
for poor glycemic control among individuals receiving care for diabetes in safety net clinics, 
finding that food insecure individuals with diabetes were significantly more likely than food-
secure individuals to have an HbA1c ≥ 8.5% (42 vs. 33%; adjusted odds ratio 1.48 [95% CI 
1.07–2.04]).28 Food-insecure individuals were also more likely to report difficulty following a 
diabetic diet (64 vs. 49%, P < 0.001).  
  Food-insecurity has been found to have an impact on glycemic in control in children as 
well. A recent study using a subsample of youth and young adults from the SEARCH for 
Diabetes in Youth Study found that youth from food-insecure households had 2.37 higher odds 
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(95% CI 1.10, 5.09) of HbA1c ≥9.0% compared to youth from food-secure households.29 Youth 
from food-insecure households also had a higher prevalence rate of hospitalizations (PR = 2.95; 
95% CI [1.17, 7.45], p = 0.02).29 In another study conducted in Canada that interviewed 183 
families, the mean HbA1c and rate of hospitalization (30% vs 10.5%, P=0.02) were both also 
higher among children from food-insecure households than among children from food-secure 
households.31 
Assessment of Food Insecurity: Household Food Security Survey Module 
 Many tools have been developed for measuring food insecurity in the United States, 
including the Household Food Insecurity Access Scale (HFIAS), the Household Hunger Scale 
(HHS), and the Radimer/Cornell Hunger Scale, but the most common measure that has been 
used in the U.S. since 1995 is the Household Food Security Survey Module (HFSSM).32 The 
HFSSM measures the levels of food insecurity experienced within the last 12 months and 
consists of 10 questions for households without children and an additional 8 questions for a total 
of 18 questions for households with children. These questions encompass four domains of food 
insecurity, including anxiety about food supplies, perceptions that the quality or quantity of 
accessible food is not adequate, reduced food intake of adults, and reduced food intake of 
children.7 The HFSSM has been shown to be an adequate measure of food security at both the 
population and the individual level and has also been shown to have good reliability with a 
reliability coefficient of .81 for households with children and .74 for all households.32 However, 
there are limitations to using the HFSSM to measure food security, as surveys may 
underestimate food insecurity since a respondent’s own experiences of food insecurity or shame 
that may be associated with food insecurity may influence perceptions of and responses to 
questions of the survey.30 
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Assessment in Children with Diabetes 
 Measuring the food security status of children with diabetes presents unique challenges. 
Children’s food insecurity is complicated by the fact that children are often protected from the 
effects of food insecurity, with adults in the household altering or reducing food intake before 
children.4 Data collected from 1995-1999 consisting of responses to the children’s food security 
scale and the household scale components of the HFSSM found that the household scale 
overestimates the prevalence of children’s hunger in households with no children over the age of 
5 by 48% and underestimates by 33% and 20% the prevalence of hunger in children of 6-14 and 
15-17 years of age respectively.33 This problem arises from the fact that the HFSSM measures 
both adult food insecurity and children’s food insecurity, which are correlated but not collinear.33 
The use of a separate children’s food security scale, which consists of just the 8 child-specific 
questions of the HFSSM, has been proposed to overcome this limitation.33  
 Furthermore, the burden of diabetes adds an additional complexity to a household food 
situation, as proper management of diabetes requires careful nutritional management. Therefore 
extra effort may be made by adults in the household to further shield children with diabetes from 
the effects of food insecurity. This may in turn affect the responses of parents to child-specific 
questions of the HFSSM, since regular access to nutritious food is of even greater concern when 
managing a disease such as diabetes.  
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ABSTRACT 
Food insecurity (FI) and diabetes are common in youth in the United States. FI has been 
consistently associated with poorer glycemic control and poorer diet quality among adults with 
diabetes, but there is limited research on these associations in children. Furthermore, the 
Household Food Security Survey Module (HFSSM), the most commonly used tool to assess FI, 
has been shown to be an adequate measure of FI at both the population and the individual level, 
but little to no research exists on the use of this survey tool in pediatric patients with diabetes. 
This study aimed to investigate FI in relationship to hemoglobin A1c (HbA1c) and diet quality as 
well as the use of the HFSSM to measure household FI of children with diabetes. Participants 
were youth ages 7-19 recruited from the University of North Carolina Hospitals’ Pediatric 
Endocrinology clinic (N=30, mean age 13.9, mean HbA1c 9.0%). Data were collected through 
an electronic questionnaire and through individual interviews. HbA1c was collected from the 
medical record. No significant differences were found between FI status and HbA1c or diet 
quality. Interviews were conducted using a semi-structured interview guide and discussions were 
audio-taped, transcribed, and analyzed using standard inductive qualitative methods. Interview 
data indicated that parents from food insecure households made efforts to shield their children 
from the effects of FI by reducing or altering their own food intake and indicated that parents had 
worry or anxiety about and prior difficulty with FI negatively impacting their child’s diabetes 
management. Interpretation of some of the questions of the HFSSM also differed between 
parents from food insecure households and parents from food secure households. Given the small 
sample size of this study, more research is needed in the future to test associations between FI 
status and diabetes management and diet quality in children as well as investigate the use of the 
HFSSM to measure household FI of children with diabetes. 
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INTRODUCTION 
 In the United States, the incidence and prevalence of both T1D and T2D in youth have 
been increasing in the past years.10,11 The prevalence of household food insecurity has been 
fluctuating over the past decade, but remains significant at 12.3% of U.S. households as of 
2016.19 Previous research has demonstrated that food insecurity is adversely associated with 
glycemic control and its determinants, including diet quality and medication self-
management/glucose monitoring. While consistent among adults, these associations have been 
less consistent among children, as existing research on food insecurity and diabetes management 
in children is limited. It has also been hypothesized that the effects of food insecurity on diet 
quality and glycemic control may not be as intense for children with diabetes as they are for 
adults because adults in food-insecure households may children may make efforts to shield 
children from the effects of food insecurity. Furthermore, the HFSSM, while an adequate and 
reliable measure of household food insecurity, has only been used to measure household food 
insecurity of children with diabetes in a handful of studies.29,31 Given the careful nutritional 
management and self-management that diabetes requires, the burden of diabetes adds an 
additional complexity to the situation of household food insecurity, and thus may impact how 
food-insecure individuals interpret and think about questions relating to food-insecurity.  
 The current findings on food insecurity in children with diabetes are limited, as most 
studies conducted within the United States have focused on adults. Furthermore, the mostly 
frequently used tool to assess food security, the HFSSM, may fail to capture some of the aspects 
of food insecurity as they relate to diabetes management. Therefore this study aims to further 
explore food insecurity as it relates to diet quality and diabetes management in children with 
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diabetes as well as qualitatively investigate the use of the HFSSM to measure the household food 
security status of households with children with diabetes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
19	
METHODS 
Study Overview 
 This study involved cross-sectional data collection in the form of an anonymous, one-
time, electronic questionnaire as well as the collection of qualitative data through individual 
interviews. The questionnaire was used to collect demographic variables and information about 
food and nutrient intake as well as assess participation in food assistance programs and 
household food security status. The individual interviews were guided by a semi-structured 
interview guide in which each question of the HFSSM was read out loud to the participant 
followed by several probes to determine how the participant interpreted the question and how 
they came to their answer. Participants were also asked questions to determine how their 
experiences with food shortages related to caring for their child’s diabetes. In addition, the most 
recent HbA1c was collected from the medical record.  
Participant Inclusion Criteria and Recruitment 
 This study was conducted with parents of youth between the ages of 5-17. The PI 
recruited all participants while they were in the waiting room of UNC Hospitals’ Pediatric 
Endocrinology clinic. After being informed of the study, interested participants completed a 
statement of informed consent. The statement of informed consent provided participants an 
opportunity to indicate whether they would like to be contacted for an interview. Participants 
were also asked to complete a HIPAA authorization form in order to authorize study personnel to 
obtain their child’s HbA1c from the medical record.  
Data Collection  
Aim 1 
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 After completion of the consent form, each participant was given an iPad on which they 
could access the questionnaire via a Qualtrics link. The questionnaire consisted of five 
demographic questions, four questions regarding participation in food assistance programs, the 
questions of the Dietary Screener Questionnaire (DSQ), and the questions of the HFSSM. The 
Dietary Screener Questionnaire (DSQ) is a 26-item assessment tool of health and nutritional 
status of adults and children in the U.S.34 The DSQ captures intakes of fruits and vegetables, 
dairy/calcium, added sugars, whole grains/fibers, red meat, and processed meat. At the end of the 
survey participants had the option to provide their name, email address, and telephone number so 
that they could be contacted for an interview.  
Aim 2 
 After completion of the questionnaire, the PI contacted participants interested in 
participating in an interview. Interviews were conducted using a semi-structured interview guide. 
The interview guide was developed in collaboration with Dr. Angela Liese, Dr. Sonya Jones, Dr. 
Rachel Davis, and Lauren Reid, all of the University of South Carolina. All interviews were 
conducted by the by PI via telephone. A total of six interviews were completed, ranging in length 
from ~9-32 minutes. Three of the interview subjects had some experience of food insecurity, 
while the other three interview subjects were food secure.  
Data Analysis 
Aim 1 
 The outcome variables for aim 1 are HbA1c, estimated intake of fruits and vegetables 
(cup equivalents), dairy (cup equivalents), added sugars (teaspoon equivalents), whole grains 
(ounce equivalents), fiber (g), and calcium (mg), and participation in food assistance programs 
including SNAP, free and reduced price school meal programs, and emergency food or soup 
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kitchen programs. T-tests were used to compare the means of these variables among children 
who are food secure to those among children who are food insecure. Analysis of variance 
(ANOVA) was used to assess associations of interest. Descriptive statistics were performed on 
demographic characteristics. 
 SAS program was used to convert screener responses to estimates of individual dietary 
intake based on the DSQ scoring algorithms developed by the National Cancer Institute research 
team. Responses to each question of the HFSSM were coded as either “affirmative” or 
“negative” using coding procedures established by the USDA. The number of affirmative 
answers the respondent gave was then converted to a continuous scale value ranging from 0 to 
10. A household that had not experienced any of the conditions of food insecurity covered by the 
module questions was assigned a scale value of 0, while a household that had experienced all of 
the conditions was assigned a scale value close to 10. These scale values were then used to 
determine food security status classification using a table of standard values estimated for the 
U.S population by the ERS of the USDA. 
Aim 2 
 Interviews were digitally recorded with participants’ consent and subsequently 
transcribed by the PI. Interviews were conducted with individuals from food secure households 
and from households with some degree of food insecurity. Since the study is pilot research, 
themes were inductively gathered using standard inductive analysis approach. Given the small 
number of interviews conducted in this study, themes were gathered from the transcripts by 
hand, but software such as ATLAS.ti can also be used to analyze qualitative data. 
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RESULTS 
Recruitment and demographics 
         A total of 30 youth were included in the study, most of whom had T1D, but two youth with 
T2D, one with Cystic Fibrosis-related diabetes, and one with prediabetes were also included in 
the study. A parent or guardian of each participant completed the questionnaire, and in some 
cases the child assisted the parent in filling out the questionnaire. Diabetes diagnosis and HbA1c 
was only obtained for 24 participants, with 6 parents opting not to give study personnel access to 
this information from the medical record. Participants had an average age of 13.9 (±3.3) (Table 
2), an average HbA1c of 9.0 (±2.1) (Table 3), an average of 3.9 (±1.2) (Table 2) individuals 
living in their household, and were majority white, non-Hispanic females (Table 2). Three 
participants classified as having marginal food security and one classified as having low food 
security, while all other participants classified as having high food security (Table 2).  
Questionnaire data 
 The mean HbA1c was higher among food secure participants (9.2±2.1) compared to food 
insecure participants (7.9±1.6). However, the p-value was much larger than significance when 
using α=0.05. Free or reduced price school lunch programs was the most commonly used food 
assistance program, with one-third of parents reporting that their child received these meals at 
school. This program was commonly used among both food secure and food insecure 
participants, with about 30% of food secure participants reporting participation and half of food 
insecure participants reporting participation in these programs. Two participants, both of who 
expressed some degree of food insecurity, reported receiving emergency food or visiting a soup 
kitchen in the past 12 months prior to taking the survey. Four participants reported participation 
in SNAP, three of whom were food secure and one who was food insecure (Table 5). 
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 Overall, there were no significant differences in dietary factors between food secure 
participants and food insecure participants, with p-values for all factors greater than 0.18. 
Participants who had some degree of food insecurity had slightly higher daily intakes of fruit, 
vegetables, added sugars, and whole grains compared to food secure participants (Table 7), but 
again these differences were insignificant. Daily intakes of fruit, vegetables, dairy, whole grains 
and calcium amongst both food secure and food insecure participants all fell short of 
recommended daily intakes. Daily intake of added sugars was significantly higher than the 
recommended daily limit for added sugars across all participants.  
 
Table 1. Recruitment Outcomes  
 N (%) 
Contacted 52 
Completed survey (% of contacted) 30 (57.7%) 
Expressed willingness to participate in interview (% of participants) 15 (50.0%) 
Participated in interview (% of those willing to participate) 6  (40.0%)  
 
Table 2. Demographic Characteristics of All Participants (N=30) 
Variable Name  Mean±SD or n(%)  
Gender    
   Male  10 (33.3%)  
   Female  20 (66.7%)  
Age   13.9±3.3  
Ethnicity    
  White, Non-Hispanic   17 (56.7%)  
  Non-White, Non-Hispanic   10 (33.3%)  
  Hispanic   3 (10.0%)  
N of Individuals Residing in the Household   3.9±1.2  
Food Security    
  High   26 (86.7%)  
  Marginal   3 (10.0%)  
  Low Food Security   1 (3.3%)  
  Very Low Food Security   0 (0.0%)  
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Table 3. Clinical Characteristics (n=24) 
Variable Name Mean±SD or n(%) 
HbA1c 9.0±2.1 
Diabetes Type  
Type 1 20 (83.3%) 
Type 2 2 (8.3%) 
Other 2 (8.3%) 
  
Table 4. Mean HbA1c and p-value for food secure and food insecure groups 
 Mean HbA1c±SD p-value 
Food Security (n=20)  9.2±2.1  0.2685 
Some Food Insecurity (n=4)  7.9±1.6 
 
Table 5. Participation in Food Assistance Programs 
Food Assistance 
Program 
All (N=30) High Food Security 
(n=26) 
Some Degree of 
Food Insecurity 
(n=4) 
SNAP 4 (13.3%) 3 (11.5%) 1 (25.0%) 
Receipt of 
Emergency Food or 
Soup Kitchen Visit 
2 (6.7%) 0 (0.0%) 2 (50.0%) 
Free or Reduced 
Price School Lunch 
10 (33.3%) 8 (30.8%) 2 (50.0%) 
  
Table 6. Mean Dietary Intakes for All Participants 
Dietary Factor All (N=30) Daily Recommendation35,36,37 
Fruit (cup equivalents) 0.89 1.5-2 
Vegetables (cup equivalents) 1.19 2-3 
Dairy (cup equivalents) 1.88 3 
Added Sugars (teaspoon 
equivalents) 
16.9 ≤6 
Whole Grains (ounce 
equivalents) 
0.67 2.5-4 
Fiber (g) 14.2  
Calcium (mg) 952 1300 
 
 
Table 7. Mean Dietary Intakes by Food Security Status 
Dietary Factor High Food Security 
(n=26) 
Some Food Insecurity 
(n=4) 
Fruit (cup equivalents) 0.88±0.45 0.99±0.78 
Vegetables (cup equivalents) 1.17±0.32 1.30±0.59 
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Dairy (cup equivalents) 1.87±0.53 1.97±0.51 
Added Sugars (teaspoon 
equivalents) 
16.5±5.2 19.8±11.3 
Whole Grains (ounce equivalents) 0.64±0.30 0.86±0.27 
Fiber (g) 14.3±2.7 14.0±3.3 
Calcium (mg) 955±160 937±208 
 
Interview data 
 Of the 30 parents and guardians who completed the questionnaire, 21 consented to being 
contact for an interview and the PI contacted 15 of these participants by telephone and/or email. 
Six interviews were conducted in total, three with individuals from food secure households and 
three with individuals from households with some degree of food insecurity.  
 One theme that was evident across all 3 interviews with marginally food secure and low 
food security participants was shielding of children by parents from the effects of food 
insecurity. All 3 food-insecure participants expressed that they had cut the size of their own 
meals and/or skipped meals at some point in the last 12 months, but had never altered their 
children’s meals during times when food was short. One participant shared that she often goes a 
whole day without eating or only eating one meal a day so that her children do not have to cut 
the size of their meals or skip meals. Another commonly mentioned strategy for coping with 
food shortages was turning to others outside of the household. One participant stated, 
“sometimes I have to call on other people you know to help us with getting something to eat”, 
while another participant mentioned “I have a lot of family if I needed something then I could 
reach them”, and thus they were able to avoid altering the size or frequency of their children’s 
meals by getting food from others. 
  All three participants also voiced concern over or prior difficulty with their child’s 
diabetes management during times when food resources were limited. In particular, concern from 
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interviewees seemed to surround having to rely on “junk” or “processed foods” and less of the 
“fresher” or “healthier” foods during these times and how these foods affected or could 
potentially affect their child’s diabetes management. One participant stated “it’s tricky because 
they have to watch their carbs but then I have to make sure also that she has enough to eat…if 
she’s eating the wrong things like she could be high she could go into the highs and also she can 
go into the lows so it depends”, while another participant commented “sometimes it may be 
something in my house that she can’t eat but she got to eat it”. Thus these participants viewed the 
foods they had to rely on during times when food money was short as foods their child shouldn’t 
be eating but had to eat due to lack of other options.  
 When comparing responses of individuals from households with some food insecurity to 
responses from individuals from food secure households, participants had similar definitions 
regarding what a whole day meant to them, what a meal was to them, and what a balanced meal 
consisted of. Almost all participants defined a whole day as the time from waking up in the 
morning to the time of going to bed at night. The majority of participants described a meal as a 
“main course” or a “protein” with sides, and in their definition of a balanced meal, all 
participants mentioned vegetables, meat, and starch as essential components. One participant in 
each subgroup stated that this balanced meal would look slightly different for their child if he or 
she didn’t have diabetes, and that the carbohydrate content of the meal would be less stringent. 
One participant even commented that if her child did not have diabetes, “we’d actually be 
enjoying life with food sometimes,” illustrating the restrictions that this participant felt that 
diabetes management placed on her child’s food choices. All other participants stated that their 
definition of a balanced meal for their child wouldn’t change if their child didn’t have diabetes. 
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  While in some instances interview participants from food secure households gave similar 
answers and interpreted the questions of the HFSSM in a similar manner compared to 
participants from households with some degree of food insecurity, there were also differences in 
the responses of the two groups. One small difference was in how participants defined running 
out of food. Running out of food was defined by food insecure as having absolutely nothing 
physically left to eat, and participants referenced their previous experiences when giving their 
definitions. One participant gave the following definition: “absolutely nothing (to eat) like down 
to the last can of food.” Food secure participants gave a less literal definition, referring to the 
inability to have enough money to make it to the next month or next paycheck. Food secure 
participants also differed from food insecure participants when asked what “eating less than they 
felt they should” and what “cutting the size of your meals” meant to them. Food secure 
participants referred to “eating less than they felt they should” as “not eating what you would 
normally eat” or “skipping a meal”, while food insecure participants described this term as 
meaning that they ate less in order for their children to have more food. When asked what cutting 
the size of their meals meant to them, food secure participants mentioned taking away an item 
from the meal or eating smaller portions. While food insecure participants also mentioned these 
things, they gave more detailed responses, describing how this would impact them personally by 
making the food last longer from day to day.  
DISCUSSION 
 The study found that mean HbA1c was higher among participants from food secure 
households than among participants from households with some degree of food insecurity, but 
this difference was insignificant. The study also found that overall diet quality of participants 
was deficient in terms of recommended daily intakes of many food groups. However, no 
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significant differences were found between diet quality and food security status. There were also 
no consistent patterns in participation in food security programs across the two groups.  
 Although the difference in HbA1c among food secure participants and food insecure 
participants was insignificant, this difference is opposite of what was expected given that food 
insecurity has been associated with higher HbA1c.30 However, food insecurity has also been 
associated with increased risk of hypoglycemia, and higher rates of hypoglycemia have been 
associated with lower HbA1c values.30,38 Thus the lower average HbA1c among food-insecure 
participants could be explained by episodes of hypoglycemia.  
 Children from households with some degree of food insecurity had slightly higher 
average intakes of fruit, vegetables, dairy, added sugars, and whole grains and slightly lower 
intake of calcium when compared to children from food secure households. Several of these 
outcomes were unexpected, including higher intakes of fruit, vegetables, dairy, and whole grains 
given that individuals from food insecure households are more likely to have inadequate food 
budgets and thus are more likely to experience difficulty purchasing these higher-cost items than 
individuals from food secure households. On the other hand, the higher average intake of added 
sugars and lower intake of calcium among food insecure children are consistent with the 
expectation that limited food budgets will result in a diet that relies more on lower-cost items that 
are likely contain a higher proportion of added sugars and less on higher-cost items such as dairy 
products which greatly contribute to calcium intake. However, the lack of significant differences 
between dietary factors and food security status seen in this study is unsurprising given the lack 
of evidence of associations between food insecurity and diet quality in the literature.  
 Several participants in this study reported participation in one or more food assistance 
programs. Participation in both SNAP and free or reduced price school lunch programs was 
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slightly higher among participants with some level of food insecurity (25% and 50% 
respectively) compared to food secure participants (11.5% and 30.8%). However, given the small 
sample size of this study, is it difficult to conclude that these differences are significant. It is also 
important to note that eligibility for programs such as SNAP and school lunch programs is not 
based on food security status but rather income, and thus some food secure households receive 
assistance from these programs. There is significant evidence that these programs reduce food 
insecurity and that free or reduced-price school lunches have positive effects on the nutrition of 
children, and thus it is possible that these programs help to mitigate the effects of food insecurity 
on diabetes management in children. However, the evidence of the positive effects of public food 
programs such as SNAP on the health and nutrition of recipients is less extensive.20 
 Both participants who reported receiving emergency food from a church, food pantry, 
food bank or eating in a soup kitchen in the past 12 months classified as having some degree of 
food insecurity. While a larger sample size likely would have included some food secure 
individuals who received emergency food or ate in a soup kitchen, it is worth noting that food 
insecure individuals are more likely to utilize these programs than individuals who are food 
secure.  
 During the interviews, food insecure participants gave longer and more detailed 
responses than food secure participants did, expressing experiences and concerns regarding the 
effects of food insecurity on diabetes management that food secure participants did not have. 
Food insecure participants spoke about having to rely on lower-cost, less nutritious foods during 
times when food money was short and about the challenges that these foods posed for diabetes 
management, and these statements are consistent with the findings from one qualitative study 
comprising of in-depth interviews with adults with diabetes.39 In some instances, these 
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experiences and concerns impacted how food insecure participants interpreted the questions of 
the HFSSM. Food secure and insecure participants gave similar responses when defining more 
concrete concepts, such as a whole day, a meal, and a balanced meal. However, when asked 
about phrases in the questions of the HFSSM that have less clear cut definitions, including 
“running out of food”, “eat less than you felt you should”, and “cutting the size of your meals”, 
food secure participants gave more detailed responses on how these events impacted them 
personally and described certain actions they have taken that allowed themselves and/or their 
children to have more food in the long run.  
 Additionally, it was evident that all food insecure interview participants made efforts to 
shield their children from the effects of food insecurity, which supports the hypothesis that 
parents will prioritize their children over themselves in terms of who receives which food and in 
what amount, and thus children will be less negatively impacted by food insecurity than adults. 
Furthermore, food insecure participants also expressed concerns regarding the impact of food 
insecurity on their child’s diabetes management, indicating that parents of children with diabetes 
may be thinking about these concerns when answering questions of the HFSSM. Thus additional 
constructs may be necessary to adequately assess and capture the concerns and experiences of 
food insecure individuals with diabetes.  
STRENGTHS AND LIMITATIONS 
 One strength of this study is that existing research on food security status as it relates to 
both diabetes management and diet quality in children is very limited. This study is also one of 
the first to investigate the use of the HFSSM to measure food security status in households with 
diabetic children. While the sample size was small, this study saw some results that were 
supported by the literature. This study also provides a platform for researchers to use in 
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hypothesis-generation for future research involving food security assessment in the context of 
diabetes as well as other diseases. 
 A major limitation of this study was the small sample size, which impacts the ability to 
find significant relationships from the data and to generalize the findings from this study to a 
larger population. Another limitation to this study is the reporting of food-security status and 
dietary intakes of the children involved in this study by their parents. Both quantitative and 
qualitative research has demonstrated a tendency for parents to underreport their child’s food 
insecurity, with differences between adolescents’ self-reported food insecurity and their parents’ 
reports of their food insecurity and some instances in which parents are unaware of the extent to 
which their children reduced their food intake during periods of food insecurity.40,41 Furthermore, 
the reported dietary intakes in this study are subject to inaccuracy since parents may not be 
reliable reporters of their child’s consumption. Parents have been found to be reliable reporters 
of their child’s intake while at home, but are not as accurate at reporting intakes when their child 
eats outside of the home.42 Other potential limitations to the self-reporting used in this study 
include literacy barriers or intentional misreporting due to shame that may be associated with 
food insecurity and/or diet quality. 
 As with self-reporting, interviews are also subject to bias. Responses could have been 
influenced by unintentional encouragement or discouragement of certain responses by the 
interviewer and may have also been unintentionally influenced by the wording of the questions. 
Additionally, food insecurity, particularly as it relates to children, is a sensitive subject, which 
could have lead to certain responses being withheld or altered during the interviews. 
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CONCLUSIONS 
 This study suggests that further research on the effects of food security on diabetes 
management is needed. Future studies involving larger, more representative sample sizes should 
not only examine diet quality and food assistance programs in relation to diabetes management, 
but should also examine other possible means through which food insecurity may adversely 
affect children’s health. Food security status should also be routinely assessed in clinical settings 
so that families who are food insecure can be referred to food assistance programs. Short 2-item 
or 6-item food insecurity screeners have been successfully implemented in clinic settings, and 
one study demonstrated significant improvements in A1c levels of adults with T2D following 
screening and referral to community resources during clinic visits.43,44 Further research should 
also be conducted on the instruments used to assess food security of children with diabetes to 
determine if interpretation of the questions of the instrument differs between people who are 
food secure and insecure and if concerns about diabetes management impacts these 
interpretations. From these further studies, a diabetes-specific instrument for assessing food 
security can be developed.  
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